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ABSTRACT 
Cytochrome P450s (CYPs) are one of the largest distributed enzymes, which catalyze more than 
20 different reactions. At present, there has been an increasing realization of the power of P450 
biocatalysts for the industrial synthesis of pharmaceuticals, agrochemicals, bulk chemicals, food 
ingredient, etc. On the other hand, the conditions of industrial processes at high temperature, 
high-pressure or in chemical solvent require the enzymes, which catalyze the bioconversion, have 
a specific properties such as thermostability, chemical tolerance or barophilicity. Up to date, the 
number of thermostable P450s is limited. Nowadays, DNA-metagenome technique gives us a 
chance to catch novel genes and unique interesting enzymes from microbial community in 
certain ecology. In this paper, metagenomic DNA extracted from water samples from Binh Chau 
hot spring was sequenced using Illumina HiSeq platform and was analysed to mining putative 
genes encoding cytochrome P450. The sequencing generated 9.4 Gb of reads containing 156,093 
putative ORFs, of these, 106,903 genes were annotated in NCBI non-redundant protein sequence 
database. Among all the ORFs were annotated, 68 putative ORFs encoding cytochrome P450 
were found belong to 36 specific groups of cytochrome P450 protein family. Of these, the 
melting temperature (Tm) from thirty-six completed ORFs was predicted for a better 
understanding of thermodynamic stability. 
Keywords: Binh Chau hot spring, cytochrome P450, metagenomic, thermostable enzyme, HiSeq 
Illumina. 
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INTRODUCTION 
Cytochrome P450s (CYPs) are one of the 
largest gene super families, which distribute 
widely in all living organisms, including 
bacteria, fungi, plants and animals (Werck-
Reichhart & Feyereisen, 2000). They catalyze 
a large number of mono-oxygenation 
reactions including aromatic and aliphatic 
hydroxylation, N-oxidation, etc. The 
physiological role of P450 enzymes includes 
biosynthesis of endogenous compounds such 
as steroids, hormones, and secondary 
metabolites, fatty acid oxidation, and 
xenobiotic and especially drug metabolism 
(Cryle et al., 2003; Guengerich, 2001). 
Bacterial cytochrome P450 participate in the 
oxidative biodegradation of natural and man-
made chemicals, which can be useful for 
bioremediation of environment and 
diversification of natural products through 
oxygenation, often hydroxylation or 
epoxidation (Urlacher & Schmid, 2002). 
Cytochrome P450 have some disadvantages 
such as limited stability, low levels of activity, 
and requirement for redox partner(s) 
(Urlacher et al., 2004; Chefson & Auclair, 
2006). The discovery of thermophilic P450s 
may solve the first problem, limited stability 
(Mandai et al., 2009). 
Thermophilic organisms grow optimally 
between 50 and 80°C. Enzymes of 
thermophilic organisms (thermophilic 
enzymes) show thermostability properties 
which fall between those of 
hyperthermophilic and mesophilic enzymes. 
These thermophilic enzymes are usually 
optimally active between 60 and 80°C. 
Intrinsically stable and active at high 
temperatures, thermophilic and 
hyperthermophilic enzymes offer major 
biotechnological advantages such as easier to 
purify by heat treatment, and performing 
enzymatic reactions at high temperatures 
allows higher substrate concentrations, lower 
viscosity, fewer risks of microbial 
contaminations, and often higher reaction 
rates (Vieille & Zeikus, 2001). 
This study present the analysis of a large 
data set generated by Illumina platform 
sequencing of metagenomic DNA extracted 
from water samples collected from Binh Chau 
hot spring in Vung Tau, Viet Nam. 
MATERIALS AND METHODS 
Metagenome sequencing and assembly 
Water was collected from Binh Chau hot 
spring in Vung Tau, Viet Nam. Sampling was 
performed directly in a borehole with 
temperature of 82
o
C and pH = 7.5 using an 
ultrafiltration filter has pore size around 0,01 
µm. Metagenomic DNA from water samples 
then was extracted by applying PowerWater® 
DNA isolation kit and stored at -20
o
C. 
After collected and extracted, the 
metagenomic DNA was sequenced using 
Illumina HiSeq platform. The raw sequence 
data was analyzed using a standard 
bioinformatics approach. Raw paired-end 
reads were assessed and subjected to quality 
control using FastQC and Trimmomatic 
(Bolger et al., 2014). The reads containing 
more than 10% ambiguous bases or 
containing adapter sequences or the reads 
containing more than 50% low quality (Q < 
15) bases were removed. Preprocessed reads 
were assembled using SOAPdenovo2 (Luo et 
al., 2012) by default parameter. Using the 
Bowtie2 tool (Langmead & Salzberg, 2012), 
high quality reads were mapped to their own 
contigs, thus, single or incorrect paired-end 
reads were filtered from correct reads. During 
assembly, K-mer was used for statistical 
analysis. After the assembly process, only 
contigs no less than 500 bp were kept for 
further analysis. 
Gene prediction and functional annotation 
MetaGeneMark (Zhu et al., 2010) version 
2.10 was used to predict open reading frames 
(ORFs) based on assembly results. All the 
predicted ORFs were compared with NCBI 
non-redundant protein sequence database 
(Pruitt et al., 2005) using an E-value cutoff 
1e-5, retrieving proteins with the highest 
sequence similarity with the given genes 
along with their protein functional 
annotations. The sequence of putative ORFs 
encoding cytochrome P450s were blasted 
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against D.R Nelson-bacteria database 
(Nelson, 2009) to determine specific groups 
of cytochrome P450 protein family. 
Melting temperature prediction 
Melting temperature of complete putative 
genes encoding cytochrome P450 were 
predicted directly from protein sequences 
using the Tm Index program (available at 
http://tm.life.nthu.edu.tw/) (Ku et al., 2009). 
RESULTS AND DISCUSSION 
Metagenome sequencing and assembly 
Illumina sequencing of the metagenomic 
DNA extracted from Binh Chau hot spring 
yielded 9.4 Gb of sequence reads. Of these, 
0.04% were ambiguous sequences, 0.41% 
were adapter sequences and 6.97% were low 
quality reads, resulting in > 9.4 Gb of useful 
reads (accounting for 92.58% of all data). 
Assembly of these useful reads yielded 
51,346 contigs (the cut-off value was set at 
500 bp) accounting for 65.12% of the total 
reads (table 1). 
 
Table 1. SOAPdenovo2 assembly metrics  
of Binh Chau hot spring 
Parameter Metric 
Total number of useful reads 93,999,534 
Number of reads in contigs 61,212,496 
Number of contigs 51,346 
Largest contig (bp) 1,767,609 
Shortest contig (bp) 500 
Average contig length (bp) 3,351 
N50 contig length (bp) 9,791 
N90 contig length (bp) 1,059 
 
Gene prediction and functional annotation 
MetaGeneMark predicted 156,093 
putative ORFs. The length distribution of 
putative genes was shown in figure 1. 
All the predicted ORFs were compared 
with NCBI non-redundant protein sequence 
database. In total, 106,903 genes were 
annotated in NCBI non-redundant protein 
sequence database. Among all the ORFs were 
annotated, 68 putative ORFs encoding 
cytochrome P450 were found. Of the 
identified putative ORFs encoding 
cytochrome P450, 36 (52.94%) were 
completed, whereas 32 (47.06%) were 
fragments of ORFs. 
 
Figure 1. Length distribution of genes 
obtained from analyzing DNA metagenome 
Binh Chau hot spring database 
 
Putative cytochrome P450 genes 
The sequences of 68 putative ORFs 
encoding cytochrome P450 were blasted 
against D.R Nelson-bacteria database. The 
results showed putative ORFs encoding 
cytochrome P450 belong to 36 specific groups 
of cytochrome P450 protein family. Of these, 
the sample was dominated by five groups 
CYP253, CYP107, CYP197, CYP205, 
CYP110 (table 2). 
Proteins of both hyperthermophilic and 
mesophilic microorganisms generally 
constitute from the same 20 amino acids; 
however, the extent of thermal tolerance of 
any given protein is an inherent property of its 
amino acid sequence. Thermodynamic 
stability is defined by the protein’s free 
energy of stabilization and melting 
temperature (Tm, the temperature at which 
50% of the protein is unfolded) (Vieille & 
Zeikus, 2001). In this study, the melting 
temperature of 36 complete ORFs encoding 
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cytochrome P450 were predicted using the 
Tm Index program. Of these, 13 ORFs 
(34.21%) had Tm higher than 65
o
C, 23 ORFs 
(60.53%) had Tm lower 65
o
C but higher 55
o
C 
and 2 ORFs (5.26%) had Tm lower than 55
o
C 
(Fig. 2). 
 
Table 2. Five domination groups of 
cytochrome P450 in the sample 
Groups of 
cytochrome P450 
Total number of 
ORFs 
CYP253 7 
CYP107 5 
CYP197 5 
CYP205 4 
CYP110 3 
 
 
Figure 2. Tm distribution pie chart of 
complete ORFs encoding cytochrome P450 
 
Enzymes characterized from thermophiles 
are usually optimally active at temperatures 
close to the host organism’s optimal growth 
temperature. That explained why most 
putative ORFs encoding cytochrome P450 
were identified in the data had melting 
temperature higher than 55
o
C (94.74%). 
Vietnam has over 300 hot springs where is 
diverse with thermophilic microorganisms. 
However, the number of thermophilic 
microorganism study is limited despite the 
potential for great industrial applications. 
Most of the study performed isolation 
microorganism from hot spring. It has been 
estimated that less than 1% of the 
microorganisms in the natural environment 
can be cultured in the laboratory. It is 
increasingly recognized that a huge number of 
natural products exists in unculturable 
microbes with chemical, biological, and 
functional activities for potential uses in 
various industrial and biomedical applications 
(Handelsman, 2004). 
To date, only a few thermostable P450s 
have been described in the literature and most 
of them are of archaeal origin. All of 
thermostable P450s have been reported was 
isolate from thermal microoganisms. The first 
identified and the best studied thermostable 
P450 CYP119 was isolated from the 
acidothermophilic archaeon Sulfolobus 
sulfataricus (Wright et al., 1996; Koo et al., 
2000, 2002). The best characterized 
thermostable P450 of bacterial origin is 
CYP175A1 from Thermus thermophilus, the 
first β-carotene hydroxylase of the P450 
superfamily (Blasco et al., 2004). The total 
denaturation temperature of CYP175A1 is 
88
o
C, while the total denaturation temperature 
of thermophilic P450 ranges from 47–61oC. 
CONCLUSION 
In this study, the metagenomic DNA 
extracted from water samples collected from 
Binh Chau hot spring in Vung Tau, Viet Nam 
was sequenced and analysis using 
bioinformatics pipeline to mining putative 
ORFs edcoding cytochrome P450. Among all 
the ORFs were annotated, 68 putative ORFs 
encoding cytochrome P450 were found 
belong to 36 specific groups of cytochrome 
P450 protein family. The melting temperature 
of 36 complete ORFs was predicted. These 
genes are strong candidates for future studies. 
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